Abstract: Knowledge about the influence of latent toxoplasmosis on development and general biological condition of children is scant and thus the aim of the present study was to investigate these aspects in some detail. We compare school children in rural area seropositive and seronegative to the apicomplexan parasite Toxoplasma gondii (Nicolle et Manceaux, 1908) in terms of their developmental age, body mass and body height, physical fitness and end-of-term grades. Additionally, we evaluated the risk factors of infection with T. gondii such as the presence of cats in the household and eating raw meat products. With iFAt and ElisA tests, the prevalence of anti-Toxoplasma antibodies was 41% (190 children examined) and the rate of infection was higher in girls (44%) than in boys (36%). No significant differences were observed in morphological features and physical fitness of examined children. in girls the level of developmental age measured with electrophoretical mobility of nuclei method was significantly higher and school performance significantly lower for those infected with Toxoplasma than for uninfected; this finding was particularly intriguing. only boys who ate raw meat products were more likely to be seropositive. the study provides some new information on gender differences in reaction to Toxoplasma infection.
toxoplasmosis caused by ubiquitous and polyxenous protist (apicomplexan) Toxoplasma gondii (Nicolle et Manceaux, 1908 ) is a common human zoonosis. the percentage of Toxoplasma-seropositive people in the population usually reaches a few dozen and is lower in countries with a cool climate (tenter et al. 2000) . Man, which may serve as an intermediate host, can be infected with oocysts from soil contaminated with cat faeces, cysts contained in raw meat or vertically, with tachyzoites passed to the foetus via the placenta. cysts of T. gondii most often reach neural and muscular tissues of an intermediate host and survive there in the dormant form of bradyzoite for several years (Dubey 1998) .
Most cases of infection with T. gondii are asymptomatic or proceed with mild symptoms, but some cause serious consequences such as abortion or congenital disease (tenter et al. 2000) . seroprevalence and pathogenic changes in the human body in symptomatic toxoplasmosis have been extensively described, but the data on the influence of latent toxoplasmosis on biological condition of the host are rather scarce. the first published report concerned experimental animals and showed that the presence of T. gondii in rodents made them calmer and less afraid of novelty (Hutchinson et al. 1980 , Hay et al. 1984 , Webster et al. 1994 .
the psycho-behavioral sphere of the infected people was studied and it was also observed that Toxoplasmaseropositive people had personality changes and a decrease of psychomotor performance; there were even suggestions that toxoplasmosis could provoke some cases of schizophrenia (Flegr et. al. 1996 , 2002 , Havlíček et al. 2001 , torrey and Yolken 2003 . However, significant relationship between T. gondii infection and cognitive function was not found in other studies (thomas et al. 2004) .
All these results were so intriguing that they became an impulse for a further study of the subject. We were interested in significance of latent toxoplasmosis for the Differences in some developmental features between Toxoplasma gondii-seropositive and seronegative school children development of children and their general biological condition. For this purpose we undertook a complex study of all schoolchildren in the village of grzebienisko (western Poland) . the prevalence of T. gondii antibodies was determined and then we compared developmental age, body mass and height, muscular strength, flexibility, agility, speed, aerobic capacity and performance at school in seropositive and seronegative children. Additionally, we evaluated the risk factors of the infection by asking children about the presence of cats in the household and about eating raw meat products. results of the study should tell us more about the role of environmental factors in child development and bring more information about the relationship between Toxoplasma and its human intermediate host.
MATERIALS AND METHODS

Children tested
the study was conducted in the Polish rural village of grzebienisko situated 40 km west of Poznań, Wielkopolska. in the only local primary school of the village all children aged 8-16 years were included in the study, which took an entire week to complete. the number of children examined varied between 159 and 204 for various tests. the prevalence of Toxoplasma antibodies was determined for 190 children, developmental age, body mass and body height for 199, physical fitness and end-of-term grades in individual subjects for 204; 152 children were questioned about the owning of cats and eating raw meat products. For statistical analysis, only children tested serologically, i.e. 190 persons, were included. Before the tests, a meeting with parents was held to inform them of the aim and significance of the study and written consents for sampling blood and epithelium from the mouth of the children were obtained.
Serological tests
toxoplasmosis was diagnosed in venous blood samples, which were subsequently centrifuged to obtain serum. in the sera igg Toxoplasma antibodies were detected with immune Fluorescent Antibody technique (iFAt) according to goldman (1957) . the titre of antibodies was measured in dilutions between 1 : 8 to 1 : 262 144. were considered with titres lower than 1 : 16 as seronegative. Additionally, 20 samples (11 girls and 9 boys) with titres 1 : 1 024 and higher (table 1) were tested for detecting acute toxoplasmosis using specific igM antibodies with applying both, iFAt and ElisA tests (Bordier Affinity Products, crissier, switzerland).
Developmental age
the calendar age of children was determined anthropologically on the decimal scale (e.g. 8.50-9.49 means 9 years old). the developmental age was assessed with the universal testelectrophoretical mobility of nuclei (EMN), which measures nucleus mobility in a changing electrical field (shakhbazov et al. 1986, 1996) . to this purpose, epithelial cells were collected from the oral cavity and put into the Eppendorf tube containing 0.9% sodium chloride solution (Nacl) for further laboratory testing. the index was determined by calculating the proportion between cells with a mobile nucleus and those where the nucleus did not pulsate. the Biotest apparatus, which automatically calculates the EMN index for 100 cells observed under the microscope, was used. the average EMN for humans is consistent with the general model of the human development, i.e. its value grows significantly during early ontogenesis to reach the peak around the age of 17 and later declines (czapla and cieślik 1998).
Body mass and body height
Body height and body mass were determined using a standardized procedure. the height was measured with a stadiometer to the nearest 0.1 cm and the body mass with a beam-balance scale to the nearest 0.1 kg. Biological age of body height, body mass and EMN were calculated according to the specific formula of Marti (stinson et al. 2000) :
. Abbreviation: WBK -biological age of some characteristic, WMD -age of lower range limit for a given characteristic, X -measured value of a given characteristic, MD -mean of lower range limit for a given characteristic, and Mg -mean of upper range limit for a given characteristic.
Physical fitness
Physical fitness was determined with a battery of tests of muscular strength, flexibility, agility, speed and aerobic capacity according to the procedure described in the paper of Jarosz et al. (2010) . it was conducted at the school sport hall after an instruction, demonstration and a ten-minute warm-up conducted by a physical education teacher. Muscular strength was tested by vertical jump, flexibility by measuring the depth of the forward bend (sit and reach test), agility (coordination) by measuring the time of a triple run around an eight-shaped track, and speed by a five-metre run. Aerobic capacity was tested with a fiveminute Montoye step test (Wachowski et al. 1987) . the capacity index, expressed in points, was calculated with the following formula E = (t × 100) / (5.5 × p). Abbreviation: E -capacity index, t -time of exercise (in seconds) and p -pulse value after the exercise.
Questionnaire
children were asked about owning cats in the household and eating raw meat products. then for every child, on the basis of their school reports, a mean of the end-of-term grades was calculated to be included in the questionnaire.
Statistical analysis
the data were entered into a spreadsheet and then analysed with statistica ver. 9.1 software (statsoft). For the calculations two groups were distinguished: seropositive (titre between 1 : 16 and 1 : 262 144) and seronegative (titre below 1 : 16). the association of morphological features, physical fitness abilities Additionally, the partial Kendall tau correlation test was used for analyses of correlation between two variables (seropositivity and each of morphological features, developmental age, each of physical fitness abilities, school performance and risk factors -cat possession and eating raw meat products) with control of an correlation of age. the test was performed for girls and boys separately, as well as for all examined children. the same test was used for Toxoplasma-seropositive subjects only, and correlation of morphological features, developmental age as well as physical fitness abilities and school performance variables with the level of iFAt titre were searched. logistic regression model (logit) was used for analysis of association between Toxoplasma seropositivity and risk factors, i.e. cat possession (number of cats in the household) and the frequency of eating raw meat products (never, rarely or often). the analysis was performed separately for boys and girls. statistica software (statsoft) was used for statistical analysis. the computation of the partial Kendall tau correlation test was performed in the ready spreadsheet as described in the paper of Flegr (2010).
RESULTS
Seroprevalence
out of 190 children examined in the village of grzebienisko, 77 (41%) were seropositive with igg-antibodies titres between 1 : 16 and 1 : 262 144. Prevalence of Toxoplasma antibodies among girls was higher (44%) than among boys (36%) and did not increase with age (table 1) . Prevalence of seropositivity decreased with the growing dilution of titres and high titres of antibodies (1 : 1 024 and more) were observed only among 20 children examined (11%). one 14 years old girl and two boys, 10 and 11 years old, were found to have an acute toxoplasmosis on the basis of their high level of igg (iFAt test -1 : 1 024, 1 : 16 384 and 1 : 262 144; ElisA test -1 : 100, 1 : 400 and 1 : 3 200, respectively) and the presence of igM Toxoplasma antibodies (iFAt test -1 : 40, 1 : 40 and 1 : 80; ElisA test -1 : 100, 1 : 200 and 1 : 1 600, respectively). those children were recommended for treatment.
the Toxoplasma seroprevalence was slightly higher for 12-16 year-olds (41%) than for 8-11 year-olds (39%). Among older girls seropositivity was higher than in younger girls (50% vs 37%), whereas it was inversely in boys: seropositivity was lower in the older group than in the younger group (30% vs 41%), but the differences were not statistically significant. A statistically significant difference (P = 0.025) was observed in Toxoplasma seroprevalence between boys and girls in the group of 12-16 year-olds ( Fig. 1 , see also table 2).
Developmental age of Toxoplasma-seropositive and seronegative children the positive correlation between Toxoplasma seropositivity and the level of developmental age was observed among girls. seropositive girls had significantly higher EMN index (n = 112, partial tau = 0.189, z = 2.964, P = 0.003) as well as EMN biological age (n = 112, partial tau = 0.173, z = 2.712, P = 0.0067). such a phenomenon was observed among boys neither in EMN index (n = 78, partial tau = -0.049, z = -0.638, P = 0.523) nor in EMN age (n = 78, partial tau = -0.040, z = -0.517, P = 0.604).
When Toxoplasma-seropositive children were considered, no correlation was found between EMN and iFAt titre level among girls (n = 49, partial tau = -0.031, Fig. 1 . Prevalence of Toxoplasma antibodies (igg) in younger (8-11 years) and older (12-16 years) school children in the village of grzebienisko, Poland. the rate of infection among girls was higher than among boys, but the difference was significant (*) only in the older group (P = 0.025). Multivariate analysis of variance test (MANoVA) with sex and Toxoplasma seropositivity as independent variables, and with EMN index and EMN biological age as dependent variables showed the significant correlation between Toxoplasma seropositivity × sex interaction and the EMN values of examined subjects (F 2,186 = 4.244, P = 0.0158). the correlations between sex and Toxoplasma seropositivity were not significant (F 2,186 = 0.177, P = 0.838 and F 2,186 = 0.863, P = 0.424, respectively).
results of ANoVA test were significant for correlation of Toxoplasma seropositivity × sex interaction and the EMN index (F 1,187 = 5.767, P = 0.0173). the same correlation was nearly significant for EMN biological age (F 1,187 = 3.750, P = 0.0543). Post hoc comparisons using the tukey HsD test confirmed that the means of EMN index differ significantly (P < 0.05) between seropositive and seronegative girls (54.22 and 47.94, respectively) . No such difference was found between seropositive and seronegative boys (49.32 and 51.84, respectively).
Morphological features of Toxoplasma-seropositive and seronegative children
Morphological features differed significantly in examined children when girls and boys were compared, but there were no significant differences between seropositive and seronegative boys and girls with regards to the body height, body mass, biological age of body height and biological age of body mass. it should be mentioned that the influence of seropositivity on the morphological features in girls group approached the level of significance in the partial Kendall tau correlation test: body height (P = 0.0641), body height age (P = 0.0874), body mass (P = 0.0502) and body mass age (P = 0.0622) (table 3). Morphological features did not correlate with the level of iFAt titre either among seropositive girls or seropositive boys (table 3) .
Multivariate analysis of covariance test (MANcoVA) with sex, age and Toxoplasma seropositivity as independent variables (age was set as covariate) and morphological features as dependent variables showed no significant correlation between toxoplasmosis and the morphology of examined subjects (F 4,183 = 1.337, P = 0.2577). the seropositivity × sex interaction was also not significant (F 4,183 = 0.411, P = 0.8008). the correlation between sex and morphological features was highly significant (F 4,183 = 14.539, P < 0.0001). results of simple analysis for each feature when the correlation of seropositivity and seropositivity × sex interaction were considered were not significant (table 4) . ANcoVA test was significant only for the correlation between sex on body mass (F 1,183 = 5.190, P = 0.024), biological age of body mass (F 1,183 = 8.802, P = 0.003) and biological age of body height (F 1,183 = 13.813, P = 0.0003).
Physical fitness of Toxoplasma-seropositive and seronegative children
Physical fitness differed in examined children when girls and boys were compared, but no significant differences were found between the Toxoplasma-seropositive and seronegative, either boys or girls when speed, flexibility, agility, strength and aerobic capacity were analysed with the partial Kendall tau correlation test (table 5) . the level of iFAt titre also did not correlate with each of physical fitness abilities, both, among seropositive boys and seropositive girls (table 5) .
MANcoVA test with sex and toxoplasmosis as independent variables, age as covariate and physical fitness abilities as dependent variables showed no significant correlation between toxoplasmosis and the physical fitness of examined subjects (F 5,170 = 0.444, P = 0.817). the seropositivity × sex interaction was also not significant (F 5,170 = 0.816, P = 0.540). correlation between sex and physical fitness abilities was highly significant (F 5,170 = 6.386, P = 0.00002). results of simple analysis for each ability (correlation of seropositivity and seropositivity × sex interaction) were not significant (table 6). ANcoVA test was significant only for correlation between sex and speed (F 1,174 = 9.319, P = 0.003), flexibility (F 1,174 = 4.465, P = 0.036), strength (F 1,174 = 5.000, P = 0.027) and aerobic capacity (F 1,174 = 12.436, P = 0.0005).
Performance at school of Toxoplasma-seropositive and seronegative children
in Poland the scale of school grades is from 1 to 6 where the highest performance is 6 and lowest -1. girls had higher mean grades than boys (Fig. 2) , but seropositive and seronegative children had very similar grades at school (the average of 4.16 and 4.18, respectively). seropositive girls had significantly lower mean grades than seronegative ones (4.31 and 4.53 respectively) (n = 112, partial tau = -0.149, z = -2.332, P = 0.0197). seropositive boys, inversely, had higher mean grades than seronegative ones (3.90 and 3.74 respectively), but this difference was not statistically significant (n = 78, partial tau = 0.086, z = 1.121, P = 0.262) (Fig. 2) . school grades did not cor- Fig. 2 . comparison of end-of-term grades between Toxoplasma seropositive and Toxoplasma seronegative children. girls had higher grades than boys, but seropositive and seronegative children had similar grades at school. seropositive girls had significantly (*) lower mean grades than seronegative ones (P = 0.02). results of ANcoVA for school performance (correlations between seropositivity and seropositivity × sex interaction) were not significant (table 4) . ANcoVA test was significant only for the relationships of sex and school grades (F 1,186 = 36.114, P < 0.000001).
Eating raw meat and owning cats as risk factors of Toxoplasma infection
out of 152 children questioned, 40 (26%) answered that they had never eaten raw meat products. the proportion was 28% for boys and 23% for girls. there were no significant differences between the prevalence of Toxoplasma seropositivity in children who eat raw meat and those who do not, both in boys and girls group as well as in all examined children.
out of 94 girls, 68% owned at least one cat and out of 58 boys 64% did. seropositive children more frequently kept cats in the household (69%) than did seronegative ones (65%) and this was also true when the gender was taken into consideration. None of the differences, however, was statistically significant. the logistic regression model (logit) with Toxoplasma seropositivity as dependent variable and two independent variables, cat possession and eating of raw meat products, appeared not to be adequate either for boys (chi 2 = 4.6176, P = 0.0994) or for girls (chi 2 = 2.0498, P = 0.3588). According to the model, boys who eat raw meat products were 2.6 times more likely to be Toxoplasma-seropositive (coefficient = 0.939, sE = 0.463, odds ratio = 2.557, P = 0.0479), but no relation was found between seropositivity and cat possession (coefficient = 0.042, sE = 0.116, odds ratio = 1.043, P = 0.7163). Among girls the opposite situation was observed. seropositivity was more closely related with cat possession than with eating raw meat products, although the associations were not significant (coefficient = 0.150, sE = 0.106, odds ratio = 1.162, P = 0.161 and coefficient = 0.067, sE = 0.389, odds ratio = 1.069, P = 0.864, respectively) (Figs. s1, s2 ).
DISCUSSION
to detect Toxoplasma antibodies in blood samples the iFAt test was used and positive results were confirmed with the commercial ElisA test. our many years' experience and other authors' suggestions (rodrigues et al. 2009 ) indicate that such an approach ensures a good reliability of the results.
in the rural area of grzebienisko, Toxoplasma seroprevalence among schoolchildren was rather high (41%) with three children found to be suffering from acute toxoplasmosis. None of the seropositive children, including those with high titres, complained of any symptoms of the disease. this was yet another confirmation of the common opinion that in a majority of cases toxoplasmosis is asymptomatic (tenter et al. 2000) . one 12-year-old seropositive girl (with ElisA igg titre 1 : 200) was diagnosed, simultaneously, with a high titre of anti-Toxocara antibodies. she lived in a big, rather poor family keeping 7 cats and 5 dogs. We could therefore suppose that the girl had acquired toxoplasmosis by poor hygiene and that the source of infection was soil contaminated with the pets' faeces. such a view finds support in Jones et al. (2008) where co-occurrence of soil-transmitted Toxocara and T. gondii infections in humans is described.
in the village of grzebienisko, prevalence of latent toxoplasmosis among children seems to be rather high if compared with other data. For example, 12-34% seropositivity was found in children in the Wielkopolska region of Poland by szewczyk-Kramska (1999), 14% in Bari region of italy (leogrande 1992), 12% in southern spain (gutierrez et al. 1996) and 18% in Union territory of chandigarh in india (Mohan et al. 2002) . However, it should be remembered that different serological methods and laboratory techniques (with different targeting and sensitivity) were used in those studies; interpretation of results may also have differed between authors. in contrast to some other studies (Walker et al. 1992 (Walker et al. , taylor et al. 1997 , in the village of grzebienisko the prevalence of toxoplasmosis did not increase with age. this could be explained by a small number of children examined in different age groups, although we studied all children in the village; when we grouped them into two age categories, children aged 8-11 versus those aged 12-16 years, Toxoplasma seroprevalence was lower among the younger subjects, but the difference was not statistically significant (Fig. 1) . seropositivity in girls was higher (44%) than in boys (36%) and the difference was more noticeable and statistically significant (P = 0.025) in the group of older children (12-16 years). similar results were obtained by Huldt et al. (1979) , who examined 15-16 years old children in scandinavia and found seroprevalence of 19% in girls whereas only 14% in boys.
our hypothesis to explain such results is that older girls (teenagers) often help their mothers in the kitchen, getting into contact with raw meat, which increases the risk of acquiring toxoplasmosis. contrary to these results, it was found that adult men are infected more frequently than adult women (e.g. in the czech republic - Flegr et al. 2005, and serbia -Brkić et al. 2010 ) which, following roberts et al. (2001) we explain by a positive correlation between the level of steroid hormones (testosterone) and susceptibility to many infections including toxoplasmosis.
latent toxoplasmosis manifested by Toxoplasma seropositivity might not be neutral for the human organism; this was mostly shown in the studies by Flegr et al. (1996 Flegr et al. ( , 2002 Flegr et al. ( , 2003 Flegr et al. ( , 2005 and Havlíček et al. (2001) . they showed that such form of toxoplasmosis could in-fluence some personality traits, psychomotor performance and morphological features. Whereas those authors demonstrated correlation between latent toxoplasmosis and some traits among adults, our study was focused on children, on their motor performance, morphological characteristics and the level of biological development with reference to toxoplasmosis. since Toxoplasma seropositivity found in schoolchildren from grzebienisko was rather high, we were able to compare the levels of body mass and body height, developmental age of body mass and body height, EMN developmental age, physical fitness and school performance between children who were Toxoplasma-seropositive and seronegative. in earlier studies, only morphological characteristics in connection with toxoplasmosis were analysed and only in adults. it was noticed that the infected men had higher body heights than the non-infected, but the finding was not recognized as biologically significant considering that this trait correlates positively with the testosterone level (Flegr et al. 2005) .
there was no significant difference between seropositive and seronegative children (either boys or girls) as regards morphological features so it could be concluded that Toxoplasma has small, if any, influence on these characteristics in children at the stage of maturation, when the traits are shaped most dynamically under the influence of many internal and external factors. the absence of differences in morphology of seropositive and seronegative boys observed in our study could confirm the hypothesis reported by Flegr et al. (2005) that testosterone (produced by the testes in adult men, but not in children) is responsible for higher body height of infected men.
the EMN-index and EMN developmental age differ significantly between the Toxoplasma-seropositive and seronegative only in girls. this could be explained in two ways: either infections by the parasite caused an increased activity of the host organism, which was manifested through its faster development (faster aging), or the parasite has a predilection to organisms that are more advanced in their development as expressed by a higher level of biological age. such a phenomenon was not observed in boys, but this could be connected with their lower number (78 boys versus 112 girls). it is worth noticing that a similar phenomenon was observed in rural children, for girls and boys aged 13-17 years infected with Toxocara (see Jarosz et al. 2010) .
in Toxoplasma infection, dormant forms of bradyzoites mostly stay in the neural and muscular tissues of the intermediate hosts. observation, first of laboratory animals and then of infected people, indicated that latent toxoplasmosis may influence a reaction time, personality profile and bipolar disorder status. it can also cause lower psychomotor agility as seen in longer reaction time (see introduction). the existence of such connection in adults made us look for a similar relationship in children. the lack of significant correlation between seropositivity and the physical fitness abilities in children is difficult to give an unequivocal interpretation, particularly as we do not know when exactly the examined persons came into contact with the parasite.
it should also be remembered that the parasite always leads to the formation of antibodies remaining in the human body till the end of life. it is also known that sensitivity to the shaping of specific psychomotor features changes throughout ontogenesis. Also in toxocarosis there was no connection between the level of fitness and seropositivity of children (Jarosz et al. 2010) . Although these two zoonotic parasites (T. gondii and Toxocara spp.) differ considerably, both stimulate the organism of the host to an immune response and the connection between the immune system and ontogenetic development has already been described (Wolański 2006) .
We studied a possible cognitive impairment of the examined children with regard to toxoplasmosis on the basis of their grades at school. the end-of-year grades were higher for girls than for boys and only among girls latent toxoplasmosis had visible correlation to their school grades. this observation is difficult to interpret but we can speculate that the reaction to the parasite differs depending on the gender and/or the localization of the parasite in the cells of the host. it is possible that in the infected girls, more frequently than boys, T. gondii was located in the cells of neural system, disturbing its functioning.
For the first time we analysed the association between the serological titre and various factors (morphological features, developmental age, physical fitness abilities and school performance) to observe the possible cumulative correlation of latent toxoplasmosis or transient correlation of acute toxoplasmosis on the examined features. However, neither positive nor negative correlation between them was found.
there are contradicting opinions about how the infection with T. gondii is acquired by humans; a majority of parasitologists assume that the main source is raw or poorly cooked meat containing cysts rather than soil contaminated with oocysts (tenter et al. 2000, Kim and Weiss 2008) . this view is based on the observation that a very small proportion of cats (about 1%) is infected, and that the shedding of oocysts in the environment occurs in a short period of their lives (robertson et al. 2000) . However, this opinion is dubious in view of the fact that a high rate of Toxoplasma seroprevalence was observed among some populations of vegetarians (tenter et al. 2000) . recently, Kolbeková et al. (2007) reported that eating raw rabbit meat can be an equally important risk factor as farming and contact with cat feces. Although many raw meat products were recognized as risk factors for Toxoplasma infection, the results of our study suggest that boys acquire toxoplasmosis rather by eating raw meat, whereas girls through contact with cats. this may be ex-plained by differences in gender behaviour, especially by the fact that girls more often pet their cats. in rural areas of Poland (Wielkopolska district) soil contaminated with cat faeces occurred to be an important source of child toxoplasmosis which was earlier suggested in the region by szewczyk-Kramska (1999) .
the lack of connection between Toxoplasma seroprevalence and keeping cats in the household could indicate that stray cats strongly contaminate soil thus increasing the prevalence of Toxoplasma oocysts and the risk of infection (see also taylor et al. 1997) .
We can conclude that in the village of grzebienisko school children are infected with T. gondii frequently but the infections are asymptomatic. such infections have small, if any, influence on their general biological condition measured by morphological characteristics, physical fitness and cognition abilities (performance at school). the most interesting phenomenon observed was a connection between Toxoplasma infection and the level of biological development measured with the EMN index and EMN development age. However, this subject deserves further in-depth research, taking into consideration gender differences.
